A 37-year-old Caucasian male died of dehydration and heat exposure following a sweat lodge ceremony in outback Australia. The case demonstrates difficulties that may arise in the determination of the cause of death at autopsy due to nonspecific pathologic findings in hyperthermic deaths. There are also a number of features that characterize this particular "sweat lodge syndrome," including prolonged exposure to elevated temperatures in a relatively uncontrolled environment, failure to ensure adequate hydration, failure to appreciate the significance of loss of consciousness, use of ineffective alternative methods of treatment, and delay in seeking appropriate medical care. Unfortunately, the adoption of rituals and practice from other cultures may not be a completely safe undertaking. Participants in this type of activity must be cognizant of the types of medical problems that may arise. Individuals with significant cardiovascular disease, those who are taking certain medications that predispose to hyperthermia, or those who have had large amounts of alcohol should not enter sweat lodges.
A lthough the potential dangers associated with high environmental temperatures are well recognized, there are certain situations where individuals voluntarily expose themselves to hot conditions despite the risks. On occasion, such exposure may result in illness, or even death, from heat stroke and/or dehydration. 1 In reviewing the literature, most fatal cases resulting from voluntary exposure to hot conditions indoors have occurred inside Finnish-style saunas. 2, 3 The following case is reported to demonstrate another situation where death may occur from heat-related problems.
CASE REPORT
A 37-year-old male was found unconscious in a North American Indian-style "sweat lodge" while undergoing a purification ceremony. He was a member of a group of 11 men and women who had been camping in a remote location in outback South Australia. Their main purpose was to undertake several days of ceremonies and rituals based on North American Indian and other indigenous traditions. A central part of these rituals involved participating in a sweat lodge. This had been constructed by covering a wooden frame with insulation material. Three participants at a time would sit inside the structure over a number of heated volcanic rocks onto which water from a nearby artesian bore was poured to create steam. The rocks were known as "grandfathers" and had been brought in with the group from interstate specifically for this purpose. On the final night, the group was alerted to a problem when one of the participants began calling for help. She was helped from the structure, but the remaining 2 participants had lost consciousness. She later told police that the heat inside the lodge was so intense and uncomfortable that she had begun to feel unwell and was unable to find the exit. They had been in the lodge for an estimated 20 to 25 minutes.
The 2 unconscious participants were dragged out and attempts were initially made to cool them by exposing them to the cold night air. They were noted to be panting and water was offered to them, but they were unable to drink. Subsequently, both men were wrapped in blankets. Attempts were made to restore consciousness (the loss of which was attributed by some of the participants to astral traveling) by drumming, chanting, burying the feet in soil, massage, and breaking ceremonial pipes. When the survivor regained consciousness after approximately 40 minutes, but not the other victim, it was decided to seek help from a nearby station homestead (farmhouse). The owner of the station (farm) attended the scene and noticed that the victim was lying under the equivalent of 6 blankets (several were double folded) and was extremely hot, and so he removed overlying blankets in an attempt to cool him. The men were then taken to a hospital some distance away. At the hospital, the 30-year-old survivor was noted to be anuric and dehydrated and was transferred to a larger hospital in the south, where he responded well to standard rehydration therapy and was discharged 2 days later. The victim died after attempted resuscitation, including the administration of a liter of normal saline intravenously, had failed.
The scene examination and interviews by police revealed no suspicious circumstances. The sweat lodge consisted of a dome-shaped structure approximately 1.2 m high and 3 m in diameter made from 16 pine branches that had been inserted into the ground and bound at the top. The lodge was covered with roof insulating material, over which blankets and a tarpaulin had been placed. Entrance into the lodge was through a 70-ϫ -50-cm rectangular door. A pit in the center of the lodge contained 39 rocks. At the camp, other ceremonial paraphernalia such as herbs, crystals, staffs, candles, drums, and didgeridoos (Australian aboriginal drone pipes) were found, along with literature on alternative spiritual beliefs. One of the other participants commented to police that she had noticed that the 2 victims had not been drinking much fluid prior to entering the lodge, although the third member of their group who had not lost consciousness had been.
At autopsy, the body was that of an adult white male with changes of early decomposition. Scattered areas of superficial blistering and redness of the skin with parchmenting were compatible with superficial burns from the heated rocks in the lodge. There was no evidence of bruising or abrasions from restraints and no other significant injuries. The soft tissues appeared slightly dry, although serosal surfaces of body cavities were normal. There was no evidence of disseminated intravascular coagulation. There were also no significant medical conditions that could have caused or contributed to death. Histologic evaluation of tissues revealed normal skeletal muscle and kidneys with no evidence of rhabdomyolysis. Toxicologic screening revealed no alcohol or common illicit or prescription drugs, and the blood carboxyhemoglobin level was only 1%. Analysis of bore water taken from the scene revealed elevated levels of chromium and nickel but not arsenic, lead, or mercury. The vitreous sodium concentration was 156 mmol/L, in keeping with dehydration. 4 Death was, therefore, attributed to dehydration and exposure to high environmental temperatures.
DISCUSSION
In recent times, there has been a proliferation of alternative medical therapies and spiritual belief systems in western communities. Usually, the adoption of indigenous religions and some traditional medical treatments produces no problems. 5 However, the use of certain alternative medical therapies may not be as benign, and cases, often involving children, occur where failure to provide adequate care or the use of unproven herbal remedies has resulted in serious injury or death.
In the reported case, the death of one participant and serious illness requiring urgent medical therapy in another had resulted from exposure to a traditional North American Indian practice, the sweat lodge. These lodges are part of a complex series of rituals and beliefs that allegedly involve vision quests, out-of-body experiences, and spiritual healing; all of which were the aims of the participants. Sweat lodges may also be involved in mourning ceremonies. 6 Techniques include fasting for several days, chanting, and being exposed to sustained high temperatures, which may reach 50°C to 60°C. This is generated by the creation of steam by pouring water onto heated rocks in a closed environment. The steam has been referred to as the "very breath of life." 7 While generally a safe practice, there have been other cases of deaths in sweat lodges noted in media reports. A 30-year-old woman in New South Wales, Australia, died of complications arising from exposure to sweat lodge conditions 16 months before the present victim. 8 A 34-year-old woman and a 36-year-old man died in the United States in 2002 in strikingly similar circumstances to the present case, and the death of an adult male was also reported from the United Kingdom in 1996.
9, 10 The death of a 35-year-old woman from heatstroke in a sweat lodge in 1993 in the United States is also reported on Internet sites.
Unfortunately, problems may exist when transcultural adoption of certain practices occurs. In traditional communities where sweat lodges are found, there is a clear understanding of the need for adequate hydration. After all, the purpose of a sweat lodge ceremony is to enlighten, not to kill. The potential dangers of failing to keep up an appropriate fluid intake are also recognized by devotees from western cultures, who have referred to the effects of sweat lodges as the "death sweat." 9 It is also possible, however, that this may add a dimension of excitement to the activity for some participants.
Other difficulties may arise if a medical emergency occurs. In the reported case, loss of consciousness was attributed by some of the participants to astral traveling or an "out of body experience," and so rather than concentrating on obtaining urgently needed medical treatment, activities such as drumming and didgeridoo playing were undertaken to help bring the victim's spirit back. It may have been that crucial time was lost while this occurred.
Problems may also arise for the pathologist in such cases where fatalities have occurred as it may not be easy to diagnose hyperthermia at autopsy, given that there are no pathognomonic features, and that the body may have cooled considerably since the time of exposure to elevated temperatures. Features that may be found in heat-related deaths include pulmonary and cerebral edema and petechial hemorrhages in the pleura and in the skin with slippage. 1 If the victim does not succumb immediately, muscle breakdown may commence, with rhabdomyolysis and the development of acute pancreatitis, cerebral neuronal degeneration, acute
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Sweat Lodge Syndrome tubular necrosis of the kidneys, and centrilobular necrosis of the liver. 11, 12 In the current case, the victim was noted to be hot some time after removal from the lodge, and elevated vitreous humor sodium levels were in keeping with dehydration. 4 The absence of tissue markers for hyperthermia may have been due to the relatively short time from overheating to death and the fact that dehydration was also an important component to terminal metabolic compromise.
Hyperthermia, or heat stroke, is more commonly found in infants or young children who have been left in closed cars on warm days, in young individuals engaging in strenuous exercise on hot days, or in the elderly exposed to heat-wave conditions. 1 Underlying medical conditions that may predispose to hyperthermia include alcoholism and cardiovascular, respiratory, or neurologic diseases. Obesity and incapacitation may also increase the chances of an untoward reaction to high environmental temperatures, as may certain medications that interfere with endogenous heat-control mechanisms. Medications having the potential for this effect include some antiparkinsonian drugs, neuroleptic drugs such as the major tranquillizers, and drugs with anticholinergic effects such as the tricyclic antidepressants. 1 These factors should be considered in the evaluation of cases of possible hyperthermia, including those involving sweat lodges, although they were not involved in the most recent death.
The other possibility that was considered in the reported case was that the use of bore water had resulted in aerosolization of toxic substances such as arsenic that may sometimes be concentrated in this type of water; however, heavy-metal analyses did not show elevated levels of arsenic, lead, or mercury. The finding of significant dehydration in 2 of the participants, with quick recovery in the third upon removal from the heated environment, would also not be supportive of this as a possibility. In addition, rapid recovery merely upon rehydration in the second victim was not a feature of heavy-metal poisoning.
Most reports of deaths due to hyperthermia in a "sweat lodge" situation in the literature refer to saunas, predominantly in Finland. Saunas use the same principles as sweat lodges, with water ladled on to heated stones to create steam. Severe dehydration and salt depletion from sweating have occurred in saunas, often associated with prolonged exposure. 3 Although sudden death has been documented, it is not thought that the sauna environment causes dangerous arrhythmias, although care is advised in the elderly with heart disease, specifically unstable angina, recent myocardial infarction, and severe aortic stenosis, or in individuals who have a fever or who have recently had strenuous exercise or taken alcohol. 2, [13] [14] [15] For example, 221 out of 228 hyperthermic deaths in Finland from 1970 to 1986 occurred in saunas, with the majority of victims being middle-aged males, 84% of whom were under the influence of alcohol and 27% of whom had cardiovascular disease. 14 Arrhythmias have also been noted in individuals with hangovers who take saunas. 16 Alcohol use is probably unlikely in participants in sweat lodge ceremonies, but hangovers and underlying cardiovascular disease may be potential problems. While there are carefully recommended guidelines for temperatures and humidity within saunas from such bodies as the Sauna Society of Finland, 2 conditions in makeshift sweat lodges are much less controlled. This makes them potentially much more dangerous environments. Hypotension and bradycardia due to autonomic response to hot water have also been demonstrated, but these effects are of more significance to individuals who may be bathing at the time as drowning may occur. 17 Given that the media reporting on sweat lodges has asserted that "it is on the increase, but a lot of people are now doing it with little or no experience," it is possible that more of these deaths will occur. 10 Individuals who engage in such practices need to be made aware of the potential dangers of overheating and the importance of maintaining good hydration. People with underlying significant cardiovascular disease, certain medications, and recent heavy alcohol consumption should be discouraged from participating in such activities. As dehydration and hyperthermia are real possibilities, first-aid procedures should be planned in advance, and a clear understanding of the significance of symptoms and signs and the required treatments should be achieved. Wrapping a victim in blankets should be discouraged. Despite possible psychologic benefits for the participants, there is no evidence that drumming, chanting, burying feet in soil, massaging, or breaking ceremonial pipes provides any recognizable benefits for an altered-consciousness state and metabolic crisis due to potentially lethal hyperthermia or dehydration. In fact, undertaking such activities may critically delay essential therapy. It should be made clear to all participants at the outset that any medical emergency requires standard urgent medically supervised and monitored treatment. It would be useful if such guidelines were posted on Internet sites or cited in articles and books that explain how sweat lodge rituals should be undertaken.
